The World Energy consumption has been increasing steadily since industrialization, this recent increase is also the major cause for the raise of CO2 concentration in the atmosphere. Fossil fuels play a central role in our energy consumption; actually the CCS technology and their operations in power systems must get a prominent role in reducing total CO2 emissions. An attempt to tackle the problem of solvent based Post Combustion Carbon Capture process optimization requires the availability of a rigorous process model along with a design methodology. During the modeling, much physical and chemical process should be considered in order to get more realistic results, this complexity process addressed as Reactive Separation.This report presents detailed descriptions of the process sections as well as technical documentation for the ASPEN Plus simulations including the design basis, models employed, key assumptions, design parameters, convergence algorithms, concentration and temperature profiles and calculated outputs. The main purpose is to minimize the amount of energy required in the desorption process through the optimum operating condition to the actual CO2 absorption experimental setup. The case of study is on MEA 30wt% in a coal Hired power plant. Electrolytic method is considered; the sensitive analysis was used for the Optimization.
Introduction
The electricity and heating sector are the largest sources of CO2 emissions, producing over 13 Gt in 2011, being equivalent to more than 40% in 2000 (OECD/IEA, 2013).
The power generation sector plays an important direct role by reducing substantially its carbon intensity, but electricity now plays an indirect role by substituting for fossil fuels in all Hinal demand sectors. As seen in Figure 1 :
According to the data from EIA until August 2013, showing in the Figure 2 , the main production of energy of the world comes from Coal and Natural Gas such as fuels (Global CCS Institute, 2013 ).
Coal Combustion Pollutants from Coal Fired Power Plant
The National Emissions Inventory prepared by EPA indicates that emissions to the atmosphere from coal-Hired power plants (EPA, 2008 ):
• Contain 84 of the 187 hazardous air pollutant identiHied by EPA as posing to human health and the environment.
• Release 386,000 tons of hazardous air pollutants annually that account for 40% of all hazardous air pollutant emissions from point sources, more than any other point source category, also are the largest point source category of hydrochloric acid, mercury, and arsenic release to air.
• Coal-Hired power plants are also a major source of emissions for several criteria air pollutants; including sulfur dioxide, oxides of nitrogen, and particulate matter.
Hazardous Air Pollutant Emissions
When talking about the emissions, one should keep in mind that besides CO2, other pollutants such as particulate matters PM10, PM2.5, SO2, NOX, Hly ash etc., are also of great importance. HAPs emitted from coal-Hired power plants include neurotoxins such as mercury and lead, L&E ISSN 2176-8846 corrosive substances such as hydrochloric acid, carcinogens such as arsenic and benzene, radioactive elements such as radium, and potent organic carbon-based toxins such as dioxins and formaldehyde.
Modeling Coal Fired Power Plants with CCS Technology
In general various technologies exist for electricity production. Pulverized coal combustion with post combustion CCS (PCC) are modeled and analyzed for Separation of CO2 with amines. The Advantages and Challenges to CO2 Capture for Coal-Based Power Generation are:
• In either new build or retroHit application it enables the continued deployment of the well established Pulverized Coal (PC) technology familiar to power industries worldwide.
• The widespread R&D on improved sorbents and capture equipment should reduce the energy penalty of PCC capture.
Pulverized Coal Plants with Post Combustion CCS (amine system -MEA)
The next Figure 3 has shown the Block diagram of this system:
Control systems. These should be applied for controlling NOX, SO2 , particulate matter.
• Low NOX burners: Here low NOX burners with 50% maximum efHiciency have been applied to all plants.
• Selective catalytic reduction (SCR): This technology can achieve 90% NOX removal.
The use of this control system also leads to additional multi-pollutant interactions. The level of NOX reduction depends on coal sulfur level.
• Electrostatic precipitator (ESP): An electrostatic precipitator or fabric Hilter can be used for particulate emission control. Plants routinely achieve more than 99% particulate removal.
• Wet @lue gas desulphurization (FGD): FGD applied on the plants has SO2 removal efHiciency of 98%.
• Mercury adsorption by activated carbon: Mercury can be adsorbed onto the surface of a sorbent material such as activated carbon, or it can be dissolved in an aqueous solution such as in a wet lime or limestone FGD system. For existing coal-Hired plants with only a particulate collector such as an ESP, mercury control can be achieved by injecting activated carbon upstream of the ESP.
• Fly ash disposal: Coal Hly ash contains toxic contaminants and should be properly disposed. Solid management has been considered in all the plants and Hly ash is disposed with FGD wastes.
Amine-Based Capture Processes
Amine scrubbing technology was established over 60 years ago in the oil and chemical industries, for removal of hydrogen sulphide and CO2 from gas streams. Commercially, it is the most well L&E ISSN 2176-8846 established of the techniques available for CO2 capture although practical experience is mainly in gas streams which are chemically reducing, the opposite of the oxidizing environment of a Hlue gas stream.
Mono-ethanolamine (MEA) is a widely used type of amine for CO2 capture. CO2 recovery rates of 98% and product purity in excess of 99% can be achieved. Many other amines and, especially in recent years, amine blends such as MEA plus ethyldiethanolamine (MDEA), have also been utilized. Amines react rapidly, selectively and reversibly with CO2 and are relatively nonvolatile and inexpensive. However, they are corrosive and so require more expensive materials of construction. In addition, they do gradually volatilize (which can be especially problematic in the MEA case) and they degrade, especially in the presence of O-14 and/or SO2, both of which phenomena necessitate the timely injection of fresh solution.
Energy penalty
No matter which kind of solvent, energy consumption is the biggest obstacle. For chemical absorptions to capture CO2 in Hlue gas from coal-Hired power plants there are four areas of energy consumption:
• The heat for stripper reboiler.
• The heat to pre-heat the solvent entering stripper.
• Flue gas compression work.
• Carbon dioxide compression energy.
The heat for stripper reboiler is the most considerable; the regeneration of a CO2-rich amine solution requires a high amount of energy. The related energy demand can be divided into three different proportions: Hirst, apply the desorption enthalpy, which is directly linked with the heat of absorption; second, heating up the amine solution to saturation temperature and third, evaporate water as stripping steam.
Process description
The process consists of two major sections, an absorption section where CO2 in the Hlue gas is absorbed into the liquid solvent, and a regeneration section where the absorbed CO2 is stripped out by means of heat. The Hlow diagram is shown at the Figure 4 .
Aspen Plus -Modeling of CO2 absorption-stripping processes by Amina MEA
The 
Model development
A reliable design tool for modeling this system is called separation Rate-based Aspen. This methodology provides a quantitative evaluation of complex relationships between process variables related to this technology. The advantages of their approach are:
• Package properties including electrolytic, chemical systems and reaction kinetics.
• No need to use lumped approximations as efHiciencies or HETPs, which particularly for reactive separation processes do not work properly for the quite noticeable deviation from equilibrium model. • Adaptable to most absorption equipment dimensions and internals.
Liquid Fase: ENRTL (Electrolyte NRTL The electrolyte-Nonrandom Two-Liquid). Aspen Plus works with the ENRTL model, built to meet the non-ideality in the liquid phase, especially for aqueous electrolyte systems or mixed solvents. The model contains Debye-Huckel terms, Correlations Born to mixed solvents, and terms of local interaction. This assumes that the excess Gibbs free energy in the electrolyte system is the sum of two contributions (Kothandaraman, 2010) .
Vapor Phase: Soave equations of state-Redlich-Kwong. The equation of state of Soave-ReidlichKwong is applied in this model for the vapor.
Modeling bases with ASPEN RateSep
The rate-based mode of RadFrac allows for the rate-based modeling of absorption and desorption columns. It allows the modeling of mass and heat transfer phenomena as well as the kinetics of chemical reactions.
The various equations that are solved in ASPEN RateSep include:
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• Mass and heat transfer rate models to determine interphase transfer rates.
• Vapor-liquid equilibrium equations for the interphase.
• Estimation of mass and heat transfer coefHicients and interfacial areas.
• Enhancement of mass and heat transfer processes by chemical reactions.
Aspen RateSep uses the solution proposed by Alopaeus to solve the Maxwell-Stefan multicomponent mass transfer equation. It uses the two-film theory and allows for film discretization which is useful to get an accurate concentration profile in the film for fast reactions. It also combines the film equations with separate balance equations for the liquid and vapor phase, diffusion and reaction kinetics, electrolyte solution chemistry and thermodynamics (Kothandaraman, 2010) . The Hlow models are used to determine the bulk properties that are used in calculating the mass and heat Hluxes and the reaction rates. ASPEN RateSep has different Hlow models available for modeling. In the Mixed Flow Model, the bulk properties for each phase are taken to be the same as the outlet conditions for that phase when it leaves that stage. This is the default Hlow model in RateSep and is the model adopted in this work.
Thermodynamic model construction and Chemical Equilibrium
To simulate in Aspen Plus, first we need to define a global system of reactions. Following chemical reactions (Equations 1-7) are taking place when CO2 is absorbed into an aqueous solution Here are equilibrium reactions, which explain the mechanism of the electrolytes process. The generation of ionic species on the other hand, makes the system highly no ideal. 
In addition to these main reactions, following two reactions are taking place when a sulphur compound exists in the Hlue gas system (coal Hired Hlue gas).
Hydrogen sulHide:
Equilibrium data
The mole fractions of every single component in the liquid and vapor phase are calculated by solving above equations. The equilibrium constant is calculated using following rate equation (Equation 8).
! (8)
L&E ISSN 2176-8846 The equilibrium constant data which is imported from Freguia (2002) is considered for mathematical model development and tabulated in Table 2 . Table 2 . Constant values of equilibrium constant equations (Freguia, 2002) .
Rate kinetic data
Rate kinetic data are important to understand for reacting system. In addition to diffusion limitations also the kinetics of the reactions between CO2 and MEA (Eq. (9)) and between CO2 and OH-(Eq. (10)) must be taken into account, since the equilibrium conditions chemical are not reached. The reactions considered are:
Absorber tower, the Hirst two reactions of the overall system is replaced by the following irreversible reaction kinetics:
The system corresponding to the regenerating tower reactions, the Hirst two reactions of the overall system are replaced by the following irreversible reaction kinetics:
The values of the constants and kinetic parameters were obtained from the database Aspen Plus. The rate constants are expressed according to the Arrhenius relationship Eq.13:
And values are tabulated in Table 3 : 
Bases consideration for simulation
To build the simulation process, we have some preliminary considerations for better approach, making more viable processes, and reducing the time in the simulation.
Flue Gas Stream
Prior to CO2 removal, Hlue gases (usually at near atmospheric pressure and temperatures above 100°C) from power plant are cooled down to the temperature levels required for absorption, and treated for contaminants. To chemical absorption with MEA, the combustion gas concerned to remove NOx, SOx and similar impurities. The presence of both in the Hlue gas is undesirable, ISSN 2176-8846 because they react irreversibly with amine solvent to form stable salts to heat, which cannot be removed. NO2 level less than 20 ppmv and less than 111PPV SOX is recommended. Most modern plants produce a flue gas containing NO2 below this and therefore, this does not suppose too much trouble. The gas from a coal fired power plant to be treated has the composition mentioned in the Table 4 .
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Model Separation Rate-based Aspen Plus
The model used for the Absorber and stripper has present in the Table 5 .
Loading deXinitions
The loading is deHined on a mole basis as given by:
The lean amine comes in a loading between 0.2-0.4 and leaves at a loading close to 0.5.
Capture of CO2 Capacity and purity
From numerous studies (see the Table 1 ), the purity of CO2 are between 80% and 99%.The 90% is recommended as standard, which is a value we set in the simulations. 
Summary of Operating Parameters
The Table 6 has shown the summary of Operating Parameter for the simulation.
The Optimizing process operating conditions
The Hlow sheet is modeled as a simulation open loop since this would allow and facilitate convergence multiple runs conducting quickly. However, the design speciHications were put in place to ensure that the simulation converge in closed form as well. Developed Hlow diagram shown in Figure 5 .
For the optimization process, these parameters were changed and assessed due to the effect on the reboiler duty of stripper (see Table 7 ). 
Parameters Effect on the re-boiler Duty
We used the sensitivity analysis, plus Aspen tool, in order to obtain the effect of each particular change in the energy efHiciency; also it deHines the optimally conditions.
Parameters Assumptions
Loading 
FLUEGAS & LEANIN Xlow-rate at inlet
The simulation is carried to pilot plant level, considering gas Hlows (15% CO2) to be treated are between 500-700Kg / hr. The MEA solution inlet has 30% of weight fraction, also a lithe concentration of CO2 (0.05%wt) is included since the solvent recycle in the process. The Flow of MEA inlet was calculated assumed the Loading as 0.2; then the Molar Flow CO2 is 1, 7-2,4Kmol/ hr. And the Molar Flow MEA = 8.5 to 12 Kmol/hr. Then, the MEA 30% wt will be between 1728 to 2440kg/ hr.
The simulated process was Hirst running with the optimal liquid Hlow-rate due to the less heat duty in the reboiler, as shown in the following analysis:
Optimization of FLUEGAS Xlow-rate
Initially considering According to the Fig.6 , for a value of 1880 kg / hr of MEA solution, the optimal Hluegas Hlow is around 650 kg/hr, as it predicted not very high reboiler duty.
Optimization of LEANIN Xlow-rate (solvent MEA)
From Figure 7 , the optimal MEA Hlow is around to 1800 kg/hr, as it predicted not very high duty. 
Optimization of Temperature and Pressure in the equipment and Streams
Keeps the optimal Hlows got before; we changed the pressure and study the effects on the rebolier duty by Kg of CO2 distilled. Then, the removal efHiciency has analyzed. effects of the temperature in the Fluegas and MEA solution inlet Hlows on the heat duty are plotted all together in Figure 8 . As the temperature decreased in both Hlows, the head duty shows a downward trend. Labor & Engenho L&E ISSN 2176-8846 Equipment: The absorber works with the Pressure 1atm for Dugas. At the Stripper, it was varied; from the Figure 11 , the optimum pressure in the stripper should be around 1.6 atm.It evident the signiHicative effect of its variation on the performance of the process. The optimum streams inlet and equipment parameters have presented in the Table 8 . 
Packing SpeciXication
The absorber utilized is typically a random packed column, in which a packing that provides sufficient surface area for the absorption of CO2, and are easy to transport, storage, and is cheaper. In addition, for packaging Aspen Plus uses the correlation Stichlmair, it requires the void fraction and its surface, as well as three Stichlmair correlation constants for calculations. The correlation parameters Stichlmair, C1, C2, C3 are constant and vary with the type of packaging. In the Stripper, structured packing has a better performance compared to random as they have higher surface areas; but is expensive. See the Table 9 .
Regards to correlations and Holdup methods, in the Table 10 , they are shown with details. At the Absorber, we consider the speciHic holdups for rate -controlled reaction are from stage 1 to 20. In the stripper are from 2 to 19 stage, the stage 1 and 20 are in equilibrium, since they are the condenser and the reboiler. The Pump raises the pressure in 1.36atm and the heat exchanger provides temperature to 375.5K. The heat transferred in the exchanger comes from the regenerated stream returns to the absorber to continue the cycle.
Simulation in stationary state
When the parametric simulation was performed, the mass & energy balances are in the tolerance between the input and output for each equipment, as can see in the Table11. Table 11 . Mass and Energy Balance in al the Equipments. 
Results of the simulation
Pressure proXiles, concentration and temperature in the columns
The process Hlow diagram is implemented with the optimized parameter for closed loop system. After the simulations, the proHile of temperature of the absorber has shown an increase in temperature in some areas, this is due to exothermic reactions occurring peaks and is where the greatest amount of CO2 is absorbed (see Figure 12 ). In Figure 13 , the removal of CO2 from the gas is carried out gradually until consumed all of it, being absorbed in the liquid solution as reaction products of the MEA. In the stripper occurs the removal of CO2 at high concentrations by the top, while the concentration profile of the liquid phase (Figure 14) , showing regeneration of the MEA, after releasing the CO2. Figure 15 presents the stripper's profile temperature, it is observed that reaches a maximum value of 92°C in the reboiler, that is not higher than 120°C, therefore does not undergo degradation occurs. 
Discussion of Results
This paper presents a description of the CO2 removal process of 550MW coal Hired power plant. The parameters and other operating conditions for Aspen Plus rate based model were selected to achieve 90% of removal.
The absorption of CO2 into aqueous amines is governed by the reaction between electrolytic species, and an appropriate thermodynamic model is required to predict the amine solution properties. Vapor-liquid equilibrium (VLE) and ionic species distribution are based on the activity coefHicient predictions of the ENRTL model, and appropriate interaction parameters are essential to guarantee accurate model results. The main characteristics of the use of amine in CCS were discussed using the conventional Hlowsheet conHiguration in order to identify the following key features that have placed MEA as the benchmark capture solvent: reaction kinetics, reaction enthalpy, solvent capacity. Besides, ASPEN Ratesep modeling allows mass and heat transfer phenomena considerations in the process as well.
The main characteristic of the model has been based on simulating an experimental pilot plant (Dugas, 2006) . The own variations made to this model were: the stripper's pressure is 1.66 atm , it helped to reduce the heat load in the reboiler.
Regarding the absorption reactions, it has been outlined that the carbonate dissociation and ionization of dissolved CO2 determine the rate of its absorption into aqueous amine solutions. As a consequence, it is expected that the reaction kinetics are to be included in the modeling approach of this CCS simulation.
MEA solution has a higher absorption with moderately cool temperature, because it increases the physical solubility of CO2, moving the equilibrium constant absorption reactions, so that more it can remain in solution as carbamate, carbonate and bicarbonate.
Absorptive capacity, predominantly depends on the molar loading ratios of MEA solution and the Hlue gas, which feed the absorption column, our result is a value of 0.36. Also, the load ratio becomes 0.51, before entering the regeneration process.
The optimization of parameters and specifications, have been obtained with the use of sensitivity analysis. There have been many assessments to different conditions, taking aim to reduce energy demand as low as possible to remove one unit of CO2. The lowest calculated heat consumption was 4,226 KJ / KgCO2 removed. The research has focused on the effects of the variation of the following parameters: the temperature and the flows of the inlet streams as well as the pressure in the stripper.
The 90% CO2 removal efHiciency was achieved at 40°C for inlet Hluegas, at higher temperatures the removal is much lower. It is also important to note from the temperature proHile of the stripper has shown a maximum temperature of 96°C, avoiding the decomposition of the amine, which occurs to 120°C. ISSN 2176-8846 Regards to the lean amine solution exits from the bottom of the stripper. Few losses of amine occur, since MEA is characterized by low volatility.
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Besides, the pre-heat "rich"solvent, demonstrated the reboiler heat duty can be signiHicantly lowered.
Conclusion
The main purpose of the simulation was to demonstrate the post combustion technology in conjunction with a coal-Hired power plant; with the captured of CO2 by chemical absorption in MEA solvent. Unfortunately, MEA exhibits many disadvantages, such as high heat of absorption and the necessity of supplying an appropriate amount of energy to break the bonding in the MEA-CO2 complex in the desorption process.
The Hlexible process Hlow sheet simulation, offered high potential for the validation of various improvements, which were designed to reduce the process energy demand, and to increase the CO2 recovery. The main idea is to develop the model that will help to optimize the process with sensitivity analysis. Improvement their accuracy due to broadening of the scope of measured process variables to include the energy requirements, particularly in the Stripper reboiler.
Our results match very well with the reported results from the Fluor Econamine FGTM process which reports a value of 4200 Kj/Kg CO2 for coal-fired power plants (Arachchige e Melaeen, 2012) .
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